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SPATIAL AND TEMPORAL VARIATIONS IN STREAMFLOW,
DISSOLVED SOLIDS, NUTRIENTS, AND SUSPENDED SEDIMENT
IN THE RIO GRANDE VALLEY STUDY UNIT, COLORADO,

NEW MEXICO, AND TEXAS, 1993-95
By Stephanie J. Moore and Scott K. Anderholm

ABSTRACT

Streamflow and water quality vary spatially and
temporally in the Rio Grande from Del Norte,
Colorado, to El Paso, Texas. The variationsin
streamflow and in concentrations of selected water-
guality constituents—dissolved solids, dissolved nitrite
plus nitrate as nitrogen, total phosphorus, and
suspended sediment—are described in this report. A
multivariate linear regression model,
ESTIMATOR2000, was used to estimate |oads for
selected constituents.

Streamflow decreases in the downstream
direction throughout most of the basin because
outflows (due to agricultural use, leakage to ground
water, and evapotranspiration) are greater than inflows.
Streamflow increases between Rio Grande above the
mouth of Trinchera Creek, near Lasauses, Colorado, to
Rio Grande at Otowi Bridge, near San lldefonso, New
Mexico, because ground-water and tributary inflow are
greater than outflow.

Concentrations of dissolved solids, dissolved
nitrite plus nitrate, total phosphorus, and suspended
sediment generally increase in the downstream
direction. Concentrations of dissolved solids, dissolved
nitrite plus nitrate, and total phosphorus decrease
between Rio Grande above the mouth of Trinchera
Creek, near Lasauses, Colorado, and Rio Grande at
Otowi Bridge, near San lldefonso, New Mexico,
because of dilution by tributary inflow. Concentrations
of dissolved nitrite plus nitrate, total phosphorus, and
suspended sediment decrease between Rio Grande
Floodway at San Marcial, New Mexico, and Rio
Grande below Leasburg Dam, near Leasburg, New
Mexico, because of reservoir effects (nutrient uptake
and settling of sediment).

Several instances of decreasing streamflow and
increasing loads indicate the presence of inflows with
large constituent concentrations (rel ativeto those of the
Rio Grande immediately upstream from that inflow);
this occurs (1) between Rio Grande near Del Norte,
Colorado, and Rio Grande above the mouth of
Trinchera Creek, near Lasauses, Colorado, for

dissolved solids, (2) between Rio Grande at Otowi
Bridge, near San Ildefonso, New Mexico, and Rio
Grande Floodway at San Marcial, New Mexico, for all
constituents, and (3) between Rio Grande below
Leasburg Dam, near Leasburg, New Mexico, and Rio
Grande at El Paso, Texas, for all constituents.

Streamflow increases along every reach of the
Rio Grande between the streamflow-gaging station Rio
Grande above the mouth of Trinchera Creek, near
Lasauses, Colorado, and the station Rio Grande at
Otowi Bridge, near San lldefonso, New Mexico. These
increases in streamflow result in increases in the loads
of dissolved solids, total phosphorus, and suspended
sediment regardless of changes in concentrations.

INTRODUCTION

In 1991, the U.S. Geological Survey began
implementation of the National Water-Quality
Assessment (NAWQA) Program. Goals of the
NAWQA Program are to describe the status of and
trends in the quality of the Nation’s surface- and
ground-water resources and to improve understanding
of the natural and anthropogenic factors that affect
water-quality conditions. The NAWQA Program is
studying many of the Nation’s most important surface-
and ground-water systems, which are referred to as
study units. Assessment activitiesin the Rio Grande
Valley (RIOG) study unit (fig. 1) beganin 1991, and the
high-intensity sampling phase began in 1993.

The quality of water in the Rio Grande and its
tributariesis of vital importance to the people that
depend on the water for its many uses. The quality of
water varies throughout the course of the Rio Grande
primarily as aresult of inflows of ground water and
surface water to the river.

Purpose and Scope

This report describes the spatial and temporal
variations in streamflow and water quality in the Rio
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Grande from Del Norte, Colorado, to El Paso, Texas.
The variations in water asit moves downstream reflect
the volume and composition of inflows to or outflows
from the Rio Grande. Many times the variations are
small intermsof actual concentration but largeinterms
of percent difference between two sites; nevertheless,
determining the effects of inflows and outflows on
streamflow and water quality isuseful in evaluating the
impact of natural and anthropogenic factors on the Rio
Grande. Streamflow and sel ected water-quality datafor
12 sitesin the Rio Grande Valley study unit of the
NAWQA Program are presented and discussed

(table 1).

Selected water-quality constituents described in
this report are dissolved solids, dissolved nitrite plus
nitrate as nitrogen, total phosphorus, and suspended
sediment. A multivariate linear regression model was
used to estimate loadsfor selected constituents. Spatial
and temporal variationsin constituent concentrations
and constituent loads are presented and discussed for
water years (WY) 1993-95.

Description of Study Unit

The RIOG NAWQA study unit covers
approximately 45,700 miZin Colorado, New Mexico,
and Texas; it includes the entire Rio Grande drainage
basi n upstream from the streamfl ow-gaging station Rio
Grande at El Paso, Texas (RGELP), and the closed-
basin part of the San LuisBasinin Colorado (fig. 1). A
detailed description of the RIOG study unit isavailable
in Ellis and others (1993). Land usein the study unit is
predominantly rangeland (58 percent), forest (36
percent), and agriculture (4 percent) (fig. 2). Irrigation
is the predominant water-use category (89 percent) in
the study unit; public supply isthe second largest
water-use category (9 percent) (Richey and Ellis,
1993). The climatological variations throughout the
study unit range from a pine tundrato Sonoran desert.
Annual precipitation can exceed 50 in. in the
headwaters of the Rio Grande, whereas other areas may
receive lessthan 6 in. (Ellis and others, 1993).

Surface Water

The headwaters of the Rio Grande arein the San
Juan Mountains, in south-central Colorado. Major
tributaries are the South Fork of the Rio Grande, the
Conejos River, and the Rio Chama (fig. 1). Other
perennial tributaries include Goose Creek, Red River,

Rio Pueblo de Taos, Embudo Creek, and the Jemez
River (fig. 1). Withthe exception of the Jemez River, all
these tributaries discharge to the Rio Grande upstream
from the gaging station Rio Grande at Otowi Bridge,
near San Ildefonso, New Mexico (RGOtowi)—that is,
most surface-water inflow to the Rio Grande is derived
from mountains adjacent to the Rio Grande upstream
from RGOtowi; downstream from this gaging station,
theriver receives little surface-water inflow (Ortiz and
Lange, 1996). Numerous intermittent and ephemeral
streams discharge to the Rio Grande only during
periods of intense rainfall and (or) heavy snowmelt.
Although many of these intermittent and ephemeral
streamstypically contribute little surface-water inflow
to the Rio Grande (flow for 1 day or less per
precipitation event), the inflow can have large
concentrations of suspended sediment (as much as
185,000 mg/L) and nutrients (dissolved nitrite plus
nitrate concentration of 1.7 mg/L and total
phosphorous concentration of 45 mg/L) (Healy, 1997).
The Rio Puerco and Rio Salado are the largest
ephemeral channels that discharge to the Rio Grande.

Surface-Water and Ground-Water Interactions

Surface water and ground water interact along
the Rio Grande and its tributaries. Variationsin the
ground-water flow systems adjacent to the river can
result in inflow of ground water to the Rio Grande or
recharge from the Rio Grande to the ground-water
system (outflow). Some reaches of the river receive
ground-water discharge; these are referred to as
gaining reaches. Winograd (1959) identified a gaining
reach between Lobatos, Colorado, and the mouth of
Red River. During a seepage test in the mid-1970's,
Wilson and others (1981) identified a gaining reach
between Radium Springsand Las Cruces, New Mexico
(fig. 1). Nickerson (1995) identified two distinct
gaining reaches in the Las Cruces, New Mexico—El
Paso, Texas, vicinity from 1988 to 1992.

In some reaches, water infiltrates from the river
to adjacent aquifers; these are referred to aslosing
reaches. Between Cochiti Lake and San Acacia, New
Mexico (fig. 1), the Rio Grande has become
channelized and in some placesis higher than the
adjacent land surface, resulting ininfiltration of surface
water to the adjacent shallow aguifer. To prevent the
water table from rising above land surface, riverside
drains were constructed in the 1930's to intercept
shallow ground water and return it to the Rio Grande.
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Anthropogenic Structures

Many anthropogenic structures affect
streamflow inthe Rio Grande. Eighteen reservoirshave
storage capacities greater than 5,000 acre-ft in the Rio
Grande study unit (Ellis and others, 1993). These
reservoirs alter the natural flow of the river, often
dampening seasonal effects and allowing for increased
evapotranspiration. Threereservoirsthat affect the Rio
Grande are Cochiti Lake, Elephant Butte Reservoir,
and Caballo Reservair (fig. 1). The Rio Chama, amajor
tributary to the Rio Grande, is affected by three
reservoirs. Heron, El Vado, and Abiquiu.

Numerous irrigation diversions (outflows) and
return flows (inflows) are in agricultural areas (fig. 1).
In Colorado, surface water is diverted to irrigate crops
such as alfafa, small grains, irrigated meadows, and
irrigated pastures. In the intensively farmed area north
of the Rio Grande, in the San Luis Closed Basin,
surface water is used to recharge the shallow ground-
water aquifer and is subsequently withdrawn by
pumping through center-pivot sprinklersto irrigate
afalfa, small grains, potatoes, and a variety of other
vegetables. In New Mexico, surface water istypically
diverted for irrigation and routed to the fields through
irrigation canals, return flows are routed back to the
Rio Grande through open drains. Return flows consist
of (1) water that was originally diverted for irrigation
purposes but was not used and (or) (2) any water
(generaly water from the Rio Grande or the irrigation
system) that infiltrates to the shallow alluvia aquifer
and dischargesto the drains.

The Rio Grande Conveyance Channel and the
Rio Grande Floodway arelocated between San Acacia,
New Mexico, and San Marcial, New Mexico; both
discharge to Elephant Butte Reservoir immediately
downstream from San Marcial. In thisreach of the Rio
Grande, thereis streamflow in either the Floodway,
which isthe stabilized natural river channel, or the
Conveyance Channel, which was built in the 1950°'s to
increase streamflow to Elephant Butte Reservoir during
periods of low flow. During the 1960's and 1970's,
most streamflow was diverted into the Conveyance
Channel. Since 1985, most streamflow isin the
Floodway, whereas streamflow in the Conveyance
Channel consistsof return flowsfrom agricultural areas
between San Acacia and San Marcial, New Mexico.

Effluent discharge from wastewater treatment
plants (WWTP's) providesinflow to the Rio Grande
(WWTP inflow); any wastewater effluent can affect
water quality in the Rio Grande. Many WWTP's are

located along the Rio Grande; the largest WWTP' s are
in Rio Rancho, Albuquerque, and Las Cruces (fig. 1).
The Franklin Eddy Canal, part of the Bureau of
Reclamation San Luis Valley Closed Basin Project,
dischargeswater pumped from the aquifer in the closed
basin part of the San Luis Valley to the Rio Grande.

Water Quality

Many natural and anthropogenic factors affect
the quality of surface and ground water in the RIOG
study unit. Natural factors include the chemical
composition of surface (tributary) water and ground
water discharged to the Rio Grande, the chemical
composition of precipitation, dissolution of minerals,
nutrient uptake, decay of organic matter, erosion, and
evapotranspiration. Anthropogenic factorsinclude
effects of irrigation, wastewater effluent, urban runoff,
septic-tank discharge, and leaching of fertilizers. In
addition to these anthropogenic factors, human
activities may enhance natural processes such as
erosion and evapotranspiration.

Inflowsto ariver or stream can potentially affect
constituent concentrationsand constituent |oads. When
an inflow mixes with river water, the resulting
constituent concentration can increase, stay the same,
or decrease relative to the concentration in the river
immediately upstream from theinflow. The constituent
concentration and volume of inflow relative to those of
the river determine the magnitude of change in the
resulting concentration. When an inflow mixes with
river water, constituent loads almost always increase
because of the addition of mass; however, if aparticular
constituent is completely absent from an inflow (the
constituent concentration is zero), then the constituent
load will remain unchanged (although the resulting
concentration will have decreased because of dilution).

Outflowsfrom ariver or stream generally do not
affect constituent concentrations; however, suspended-
sediment concentrations can be an exception. An
outflow causing alarge decrease in streamflow results
in a decrease in stream velocity, causing sediment to
settle out of suspension, which resultsin adecreasein
suspended-sediment concentrations. Outflowsresultin
adecrease in constituent loads because of the net loss
of constituent mass.



STUDY METHODS

Data Collection

Water samples generally were collected monthly
from April 1993 to September 1995. Depth- and width-
integrated samples were collected and processed
according to protocols described in Shelton (1994). A
detailed description of the RIOG-NAWQA water-
quality sampling program and site-specific statistical
data summaries are available in Healy (1997).

Box Plots

Concentrations of selected water-quality
constituentsare presented in the form of box plots. Box
plots provide a concise graphical representation of the
distribution of a data set. They provide avisual
representation of (1) the center of the data (the
median), (2) the variation or spread (the interquartile
range, defined as the 75th percentile minus the 25th
percentile), (3) the skewness or quartile skew
(represented by therelative size of the box halves), and
(4) the presence or absence of unusual values or
outliers (Helsel and Hirsch, 1992).

Loads

In ariver system, the load of a particular
constituent is defined as the quantity (mass or weight)
of that constituent transported past a given point in a
given period of time. The instantaneous load
(sometimes referred to as aflux) is the product of the
constituent concentration and streamflow (discharge);
thus, the units are mass per time.

L oads are affected by changes in streamflow
(inflows and outflows) or changes in concentration. A
constituent load will increase only if constituent mass
is added to theriver; this can occur either directly (for
example, resuspension or erosion of sediment during
high-velocity flow events) or indirectly, when water
containing some of that constituent isadded to theriver
(for example, tributary or ground-water inflow). A
constituent load will decrease only when some of that
constituent is removed from the river; this can occur
either directly (for example, the settling of suspended
sediment or nutrient uptake) or indirectly, when water
containing that constituent is diverted or removed (for
example, irrigation diversions).

Evapotranspiration will not affect loads of
conservative constituents simply because the quantity
of water removed isalways proportional to theincrease
in constituent concentration. Return flowsin
agricultural areas will not affect loads of conservative
constituents if there are no sources or sinks and no
change in ground-water storage in the surrounding
aquifer. Assuming thereisno annual changein ground-
water storage, then annual return flows equal annual
diversions minus evapotranspiration; therefore, the
load diverted is equal to the load returned. Generally,
dissolved solids can be considered conservative,
whereas nutrients (dissolved nitrite plus nitrate and
total phosphorus) are not conservative because of
nutrient uptake and addition of nutrients due to the
leaching of fertilizers.

Load Estimation

Constituent loads were estimated using
ESTIMATOR2000 (Cohn and others, 1992).
ESTIMATOR2000 performs a multivariate linear
regression on the natural log of instantaneous
concentration and instantaneous streamflow data.
Streamflow, time, and seasonality are used as
explanatory (or predictor) variables. Theregressionis
then applied to the daily mean streamflow (arithmetic
mean of all continuous streamflow measurements for
that day) to compute daily constituent loads. The daily
loads are summed to estimate the total monthly and
total annual loads. From the total annual load, an
estimated daily mean load (the average load on any
given day for a particular year) is calculated.

Two common problems with regression
applications are (1) retransformation bias and (2) large
amounts of censored data (concentrations less than the
minimum reporting level). ESTIMATOR2000 uses a
minimum variance unbiased estimator (MVUE) to
reduce bias introduced during retransformation; the
adjusted maximum likelihood estimator is a
generaization of the MV UE designed to deal with non-
normal data distributions, such as those encountered in
data sets with large amounts of censored data (Cohn
and others, 1992).

ESTIMATOR2000 requirestheuser to definethe
model for each site and constituent. Cohn and others
(1992) determined that this model satisfactorily
captures most of the variability in constituent
concentrations:



In[C] = By + B; IN[Q] + B, In[Q]? + B3 T + B, T? (1)

+ Bg SiN[2PiT] + Bg cog[2PiT] + E,
where

In[] denotesthe natural logarithm function;

C is the daily mean constituent concentration;
isthe daily mean streamflow;

istime, expressed in years; and

is an independent and random error.

m -4 O

This model requires the estimation of seven
parameters: By, aconstant; B, and B,, aquadratic fit to
the logarithm of streamflow (these parameters remove
the variability related to flow dependence); B; and By,
aquadratic fit to time (these parameters remove
variability related to time trends); Bs and Bg, a
sinusoidal, first-order Fourier function (these
parameters remove the effects of annual seasonality).
For purposes of thisreport, the seven-parameter model
was used for each site and constituent. Not all
parameter estimates were statistically different from
zero. However, al explanatory variables were used in
every case, regardless of whether the parameter
estimates were statistically different from zero,
because “there was no a priori reason to believe that
the parameter values should be equal to zero” (Cohn
and others, 1992, p. 2358). In addition, if a parameter
estimate is not statistically different from zero, then its
regression coefficient will have little effect on
estimated values.

ESTIMATOR2000 assumes that the
instantaneous constituent concentration and the
instantaneous streamflow are representative of average
daily conditions (Robertson and Roerish, 1999). Large
standard error in load estimates at a particular siteisin
part due to an instantaneous concentration or
instantaneous streamflow that is not representative of
average daily conditions.

L oads were estimated for al sitesin the RIOG
study unit for WY 1993-95, with the following
exceptions. Loadswere not estimated for Rio Grande at
Ideta, New Mexico (RGIlsleta), because a continuous
streamflow record was not available at this site.
Dissolved nitrite plus nitrate |oads were not estimated
upstream from San Marcial, New Mexico, because of
insufficient data (too much censored data) for model
calibration. Load estimates are presented in tables 2-5,

along with the standard errors of prediction for the
estimated | oads.

The standard error of prediction, which
represents variability in the system in addition to
variability related to uncertainty in the model
parameters, isameasure of the root mean squared error
of the difference between the estimated load and the
true load. The standard errors of prediction are
presented in tons per day and as a percentage of the
estimated daily mean loads (tables 2-5). Generally, the
dissolved-solids model yielded estimates with the
lowest standard errors of prediction (1 to 16 percent),
and the suspended-sediment mode! yielded estimates
with the highest standard errors of prediction (16 to 45
percent). The authors have chosen to focus discussion
of dissolved-solids and nutrient-load estimates on WY
1994 because this year generally has the most data and
the lowest standard errors of prediction; however,
discussion of suspended-sediment load estimates will
include WY 1993-95 because of the larger annual
variability in estimated suspended-sediment loads.

STREAMFLOW

A general knowledge of the spatial and temporal
variationsin streamflow of the Rio Grandeis necessary
to understand the variations in constituent
concentrations and the downstream transport of
constituents. Temporal variationsin streamflow can be
used to determine how inflows and outflows (1) vary
from year to year and (2) vary throughout the year. By
examining spatial variationsin streamflow, | ocations of
major inflows and outflows along the Rio Grande can
be determined.

Annual mean streamflow (the arithmetic mean of
the arithmetic mean monthly streamflowsfor aspecific
year) allows for general comparison of streamflow (1)
at asinglesitefromyear to year and (2) from siteto site
throughout the basin. During the 3-year study period,
WY 1995 wasthe wettest at all 12 sites; WY 1994 was
the driest at most sites on the Rio Grande (fig. 3). On
the basis of long-term streamflow records, WY
1993-95 were wetter than the typical year (Crowfoot
and others, 1996; Ortiz and Lange, 1996).
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Spatial Variations in Streamflow

During WY 1993-95, annual mean streamflow at
Rio Grande near Del Norte, Colorado (RGDelN),
ranged from 722 to 1,164 ft3/s (fig. 3). Streamflow
decreased approximately 650 ft°/s from RGDelN to
Rio Grande above the mouth of Trinchera Creek, near
Lasauses, Colorado (RGTrinch), indicating an outflow
between the two sites. Much of the outflow between
RGDelN and RGTrinch was dueto irrigation
diversionsto the San Luis Valey; from WY 1993 to
WY 1995, diversionsto the San Luis Valley ranged
from approximately 530 to 840 ft3/s, which is
approximately 73 percent of flow at RGDelN
(Colorado Division of Water Resources, 2002).
Downstream from RGTrinch, the Conegjos River
discharges to the Rio Grande. Streamflow at Conejos
River near Lasauses, Colorado (Conejos), was
approximately equal to streamflow at RGTrinch
(fig. 3). Thus, theresulting streamflow (RGTrinch plus
Conejos), hereafter referred to as Sum1 streamflow,
was almost twice that at RGTrinch. Sum1 streamflow
was roughly equivalent to streamflow at Rio Grande
near Lobatos, Colorado (RGLob), indicating no
additional major inflows or outflows between
RGTrinch and RGLob. Between RGLob and Rio
Grande below Taos Junction Bridge, near Taos, New
Mexico (RGTJB), streamflow increased approximately
450 ft3s; thisis considerably larger than surface-water
tributary inflow (approximately 390 ft3/s) between the
two sites (Ortiz and Lange, 1996), indicating the
presence of another source of inflow, most likely
ground water. Winograd (1959) indicated ground-
water discharge to this section of the Rio Grande to be
approximately 90 ft3/s. Downstream from RGTJB, the
Rio Chama discharged approximately 800 ft3/sto the
Rio Grande; the resulting streamflow (RGTJB plus
Chama), hereafter referred to as Sum2 streamflow, was
approximately twice that at RGTJB. Streamflow at
RGOtowi was dightly larger than Sum2 streamflow
(fig. 3), indicating inflow (probably tributary) between
these two sites. No annual mean streamflow data are
available for Rio Grande at |sleta, New Mexico
(RGldleta). Streamflow at Rio Grande Conveyance
Channel at San Marcial, New Mexico (RGConvey),
remained relatively constant (approximately 350 ft3/s)
fromWY 1993 to WY 1995. Streamflow at Rio Grande
Floodway at San Marcial, New Mexico (RGFldwy),
ranged from 1,279 to 1,560 ft3/s. Total discharge to
Elephant Butte Reservoir (RGConvey plus RGFldwy),
hereafter referred to as Sum3 streamflow, ranged from
1,624 to 1,914 ft3/s. Streamflow decreased between
RGOtowi and Sum3 (fig. 3) because outflows (due to
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irrigation diversions, ground-water outflow, and
evapotranspiration) were greater than ground-water
and surface-water inflows (from the Jemez River, the
Rio Puerco, the Rio Salado, the Albuquerque WWTP,
and the Rio Rancho WWTP). Elephant Butte
Reservoir, Caballo Reservoir, and numerous irrigation
diversion structures control flow at Rio Grande below
Leasburg Dam, near Leasburg, New Mexico
(RGLeash). Streamflow at RGL easb was smaller than
Sum3 streamflow (by approximately 790 ft3/s; fig. 3);
the smaller flow was due to outflows for irrigation
diversions between Elephant Butte Reservoir and

L easburg, the change in storage in the two reservairs,
and evapotranspiration. Streamflow decreased
approximately 180 ft3/sbetween RGL easb and RGELP
because outflows (due to irrigation diversions,
evapotranspiration, and possibly |eakage from the Rio
Grande to the shallow ground-water system) were
greater than ground-water and surface-water inflows.

Temporal Variations in Streamflow

Most sitesin the RIOG study unit had the largest
flows during the snowmelt season (from about April
through July) and the smallest flows (base flow, which
isprimarily ground-water discharge) during the winter
months (from about November through February)
(figs. 4A-L). Annually, there can be large variation in
streamflow during the snowmelt season relative to the
variation in streamflow during the winter months.

At RGDelN (fig. 4A), large flows resulted from
snowmelt in the late spring and early summer, whereas
late summer thunderstorms (July, August) produced
large flows of alesser duration. Streamflow at
RGTrinch (fig. 4B) was largest during the snowmelt
season and smallest from July to October, when the
largest irrigation diversions occurred (Colorado
Division of Water Resources, 2002). Streamflow at
Chama (fig. 4F) is regulated by upstream reservoirs.
Some seasonal variation remained, however, in spite of
these controls; the largest flow occurred from April to
June. At RGConvey (fig. 4l), streamflow was directly
related to the rate of ground-water discharge to
agricultural drains, which was indirectly controlled by
the volume of water diverted and used for irrigation
purposes. Seasonal variationsat RGL easb (fig. 4K) and
RGELP (fig. 4L) were directly related to releases from
Caballo and Elephant Butte Reservoirs. Thus, flowsare
larger during the growing season, which extends from
March through September, and are smaller when little
or no water is released from Caballo Reservoir, from
October through February.
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Valley study unit, water years 1993-95. Location of sites in figure 1.
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Downstream Temporal Variations in
Streamflow

Downstream from RGDelN, diversions during
the growing season caused smaller flows at RGTrinch
(fig. 5). Except for the winter months, streamflow at
RGTrinch was less than that at RGDelN, indicating
diversions between the two sites. A similar situation
occurred between RGLeasb and RGELP (fig. 6),
although the diversions were smaller than those
between RGDelN and RGTrinch. During winter
months, water is not released from Caballo Reservoir;
ground-water discharge to the Rio Grande between
RGL easb and RGEL P contributes to the increasing
streamflow between the sites.

Sum?2 streamflow was approximately equal to
streamflow at RGOtowi (fig. 7). In May and from
November through January, RGOtowi streamflow was
greater than Sum2 streamflow, indicating the presence
of tributary inflow (other than the Rio Chama) or
ground-water discharge to the Rio Grande between
RGTJB and RGOtowi. In August 1994 and 1995,
RGOtowi streamflow was less than Sum?2 streamflow,
indicating that outflows were greater than inflows
between RGTJIB and RGOtowi.

DISSOLVED SOLIDS

The concentration of dissolved solidsisageneral
indicator of water quality; it is a measure of the
dissolved ions in awater sample, including
bicarbonate, cal cium, chloride, magnesium, potassium,
silica, sodium, and sulfate. Many natural and
anthropogenic factors affect dissolved-solids
concentrations in water. Natural factors include
composition of precipitation, evapotranspiration, and
the dissolution of minerals. Anthropogenic factors
include wastewater effluent, application and
subsequent leaching of agricultural chemicals, and
increased evapotranspiration due to reservoirs and
irrigation.

Spatial Variations in Dissolved-Solids
Concentrations

Median dissolved-solids concentrations ranged
from 73 mg/L at RGDelN to 652 mg/L at RGELP (fig.
8). Anincrease in the median dissolved-solids
concentration was fourfold between RGDelN and
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RGTrinch. Possible causes of the increased dissolved-
solids concentrations at RGTrinch are (1) surface-
water inflow and (or) ground-water discharge to the
Rio Grande, (2) surface-water inflow of ground water
pumped from the San Luis Valley Closed Basin Project
through the Franklin Eddy Canal, and (3) inflow from
the WWTPin Alamosa, Colorado (Levingsand others,
1998). Edelmann and Buckles (1984, p. 17) and Emery
and others (1973, pl. 4) identified regions of “very high
salinity hazard” (regions with a specific conductance
greater than 2,250 uS/cm at 25 °C), which correspond
to regions of large dissolved-solids concentrations
(greater than 1,500 mg/L) in the shallow unconfined
aquifer adjacent to the Rio Grande near Alamosa,
Colorado (fig. 1); these regions may contribute ground-
water discharge to the Rio Grande between RGDelN
and RGTrinch. The median dissolved-solids
concentration was smaller at RGLob (191 mg/L) than
at RGTrinch (298 mg/L) because of dilution from
Conegjosinflow (fig. 8). From RGLob to RGOtowi,
dissolved-solids concentrations varied little (fig. 8),
indicating that concentrations of the inflow(s) were
similar to those at RGL ob. The median dissolved-
solids concentration increased from RGOtowi (196
mg/L) to RGFldwy (299 mg/L) asthe result of surface-
water inflow (return flows, WWTP inflow, and
tributaries) and ground-water discharge to the Rio
Grande. Large concentrations at RGConvey (543
mg/L) resulted from irrigation effects (the
concentration of solutes by evapotranspiration when
Rio Grande water is diverted to fields for irrigation),
evapotranspiration in riparian areas, and regional
ground-water discharge to agricultural drains. The
median dissolved-solids concentration at RGLeasb
(448 mg/L) was gresater than that at RGFldwy (299
mg/L) because of evapotranspiration (including
evapotranspiration in riparian and agricultural areas
and evaporation from reservoirs), ground-water
discharge to the Rio Grande, and RGFldwy water
mixing with more concentrated water from RGConvey
in Elephant Butte Reservoir. From RGLeash to
RGELP, the median dissolved-solids concentration
increased by 204 mg/L (fig. 8) because of irrigation
effects and ground-water discharge.

Dissolved-solids concentrations at most sitesin
the RIOG study unit exhibited little variation, such as
RGDelN, where concentrations ranged from 41 to 93
mg/L (fig. 8).
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Concentrations at RGTrinch, RGLob,
RGFldwy, RGL eash, and RGELP had the largest
variations (range greater than 260 mg/L) in the study
unit. Generally, large variations in dissolved-solids
concentrations at RGTrinch, RGFldwy, RGL eash, and
RGEL P were caused by large variationsin the quantity
and quality of inflows.

Temporal Variations in Dissolved-Solids
Concentrations

Temporal variations of dissolved-solids
concentrations indicate four seasonal patterns (fig. 9).
Six of 12 sitesin the RIOG study unit (fig. 9A) had (1)
larger dissolved-solids concentrations during the late
fall and winter months (September-February), when
streamflow is dominated by ground-water discharge,
and (2) smaller concentrations during the spring and
summer months (April through August), when flow is
dominated by snowmelt and rainfall runoff. RGLob,
RGTJB, and RGFldwy had the largest dissolved-solids
concentrations in August and September (fig. 9),
during the period of small flows (fig. 4) (except for the
occasional large flows on the Rio Puerco that resulted
in large flows at RGFldwy), and the smallest
concentrations during May and June (fig. 9) because of
large flows of snowmelt runoff (fig. 4). RGTrinch had
aunigue seasonal pattern; the smallest dissolved-solids
concentrations occurred from November to February
(fig. 9C). RGL easb and RGELP had the largest
concentrations from October to January (fig. 9D); at
thistime, flow in the Rio Grande consists of return flow
and (or) ground-water discharge because water is not
being released from Caballo Reservair.

Downstream Temporal Variations in
Dissolved-Solids Concentrations

Plots of instantaneous concentrations of
dissolved solids alow for close examination of
downstream temporal variations (fig. 10). In general,
dissolved-solids concentrations were largest between
RGDelN and RGTrinch (approximately 200 mg/L)
from May to August (fig. 10A); this coincideswith the
largest diversions between RGDelN and RGTrinch
(Colorado Division of Water Resources, 2002, and fig.
5). In WY 1995, dissolved-solids increases between
RGDelN and RGTrinch (approximately 80 mg/L) were
smallest during the winter months (December through

19

February) when the smallest diversions occur (fig. 5);
the smaller concentrations at RGTrinch during winter
months could be attributed to a larger percentage of
streamflow at RGTrinch from RGDelN. Water at
RGTrinch mixes with inflow from the Conejos River,
resulting in smaller dissolved-solids concentrations at
RGLob relativeto RGTrinch (fig. 10B). Generally, the
decreases were largest from May to August when (1)
large flows on the Conejos River result in alarger
percentage of Conejos River water at RGLaob and (2)
dissolved-solidsconcentrationsarelargest at RGTrinch
and smallest at Conegjos (fig. 10B); the decreases were
smallest from October to February when small flowson
the Conejos River resulted in a smaller percentage of
Congjos River water at RGL ob. Dissolved-solids
concentrations were approximately equal at RGLob
and RGTJB (fig. 10C). Concentrations generally
increased less than 100 mg/L between RGOtowi and
RGFldwy (fig. 10D) because the amount of inflow was
small and water quality of the inflow was very similar
to that of the Rio Grande. Dissolved-solids
concentrations increased 300 to 500 mg/L between
RGOtowi and RGFldwy during late summer (August
and September) because of large inflows from the Rio
Puerco and the Rio Salado, ephemeral streams known
for their large dissolved-solids concentrations. From
RGLeasb to RGELP, concentrations increased
approximately 200 mg/L throughout the year

(fig. 10E).

Estimated Dissolved-Solids Loads

Given the large streamflow at RGDelN (fig. 3),
the estimated daily mean dissolved-solids load was
small (106 tons/d) because of the small dissolved-
solids concentrations (fig. 8). Downstream at
RGTrinch, streamflow decreased by more than afactor
of two, yet the estimated daily mean dissolved-solids
load increased by 31 tong/d (table 2). Decreasing
streamflow indicates a net |oss, yet increasing
dissolved-solids load indicates a source with larger
dissolved-solids concentrations than those at RGDelN
or RGTrinch. Possible sources of dissolved solids are
ground water from the shallow unconfined aquifer
adjacent to the Rio Grande near Alamosa, Colorado,
and surface-water inflow from the San Luis Closed
Basin Project through the Franklin Eddy Canal. From
WY 1993 to WY 1995, approximately 16 percent of
the load at RGTrinch was from the Franklin Eddy
Canal; however, from December through February,
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DISSOLVED-SOLIDS CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 10. Temporal variation in dissolved-solids concentrations at selected sites in the Rio Grande Valley
study unit, water years 1993-95. Location of sites in figure 1.
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Figure 10. Temporal variation in dissolved-solids concentrations at selected sites in the Rio Grande Valley
study unit, water years 1993-95--Concluded. Location of sites in figure 1.
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Table 2. Estimated daily mean dissolved-solids load and standard error of prediction, water years 1993-95
[Station names in table 1.
Sum1 = RGTrinch + Conejos; Sum2 = RGTJB + Chama; Sum3 = RGConvey
+ RGFIdwy; NA, not applicable]

Dissolved solids

Site USGS Estimated daily Standard error Standard error
identification station Water mean load of prediction of prediction
(table 1) number year (tons/day) (tons/day) (percent)
RGDelN 08220000 1993 143 4.82 3.38
RGDelN 08220000 1994 106 2.74 2.59
RGDelN 08220000 1995 173 5.08 2.94
RGTrinch 08240000 1993 157 13.63 8.69
RGTrinch 08240000 1994 137 6.53 4.78
RGTrinch 08240000 1995 249 23.20 9.31
Conejos 08249000 1993 58 2.43 418
Conejos 08249000 1994 40 1.45 3.58
Conejos 08249000 1995 67 2.25 3.37
Sum1 NA 1993 215 NA NA
Sum1 NA 1994 177 NA NA
Sum1 NA 1995 316 NA NA
RGLob 08251500 1993 297 27.76 9.34
RGLob 08251500 1994 184 8.87 4.83
RGLob 08251500 1995 345 27.67 8.02
RGTJB 08276500 1993 456 18.66 4.09
RGTJB 08276500 1994 402 8.39 2.09
RGTJB 08276500 1995 544 14.69 2.70
Chama 08290000 1993 419 16.91 4.04
Chama 08290000 1994 425 9.79 2.30
Chama 08290000 1995 426 11.54 2.71
Sum2 NA 1993 875 NA NA
Sum2 NA 1994 827 NA NA
Sum2 NA 1995 970 NA NA
RGOtowi 08313000 1993 946 4317 4.57
RGOtowi 08313000 1994 885 18.74 2.12
RGOtowi 08313000 1995 1,091 28.12 2.58
RGConvey 08358300 1993 479 16.16 3.37
RGConvey 08358300 1994 504 6.58 1.30
RGConvey 08358300 1995 529 8.26 1.56
RGFldwy 08358400 1993 932 146.70 15.73
RGFldwy 08358400 1994 943 69.19 7.33
RGFldwy 08358400 1995 1,192 91.25 7.65
Sum3 NA 1993 1,412 NA NA
Sum3 NA 1994 1,448 NA NA
Sum3 NA 1995 1,722 NA NA
RGLeasb 08363500 1993 985 43.52 4.42
RGLeasb 08363500 1994 1,076 28.20 2.62
RGLeasb 08363500 1995 1,309 43.34 3.31
RGELP 08364000 1993 1,180 44.49 3.77
RGELP 08364000 1994 1,214 23.09 1.90

RGELP 08364000 1995 1,650 44.50 2.87




ANNUAL MEAN STREAMFLOW, IN CUBIC FEET PER SECOND

as much as 45 percent of the dissolved-solids load at
RGTrinch was from the Franklin Eddy Canal (E.M.
Herrera, Bureau of Reclamation, written commun.,
2001).

From RGTrinch to RGLob, the estimated daily
mean dissolved-solids load increased from 137 to 184
tong/d (table 2), annual mean streamflow doubled
(fig. 11), and the median dissolved-solids
concentration decreased by one-third (fig. 8). Despite
the large increase in streamflow, the load increased by
only 47 tons/d because the dissolved-solids
concentrations at Conejos were small relative to those
at RGTrinch (fig. 8).

From RGLob to RGOtowi, changesin dissolved-
solidsload corresponded to changesin streamflow (fig.
11), and dissolved-solids concentrations showed only
dight variations (fig. 8). In thisreach, the load was
affected primarily by increasing streamflow resulting
from surface-water inflow and ground-water discharge
to the Rio Grande. From RGTJB to RGOtowi, the
estimated daily mean dissolved-solids load more than
doubled because of anincoming load from Chamathat

was approximately equal to the load at RGTJB
(table 2).

From RGOtowi to Sum3 (RGFldwy plus
RGConvey), the estimated daily mean dissolved-solids
load increased from 885 to 1,448 tons/d because of
larger dissolved-solids concentrations (fig. 8) and
smaller streamflow (fig. 3); that is, concentrations
increased morethan streamflow decreased. From Sum3
to RGL easb, the dissolved-solids |oad decreased from
1,448 to 1,076 tons/d because of changesin storage in
Elephant Butte and Caballo Reservoirs.

From RGL easb to RGELP, streamflow
decreased by 213 ft%/s and the estimated daily mean
load increased by 138 tons/d. Decreasing streamflow
indicates anet loss, yet the increasing load indicates a
source(s) of larger dissolved-solids concentrationsthan
those at RGLeasb or RGELP. Regional ground-water
discharge with large concentrationsin the area (Wilson
and others, 1981, p. 77) isthe most likely cause of the
increasing load.

2,400 : : : : : : : . : : : : : 2,000
2,100 —1,750
1,800 [J Annual mean streamflow - 1 450‘ -11,500
106 A Estimated daily mean dissolved-solids load ] ]
1,500( 1210 1250
L — 1,080‘
1,200( 9434\ 11,000
NS
827
900[ ] ] 1 750
- 504 A\ -
600: 402A 425 1 500
300] 177/ 184 1 250
404

0

RGDeIN RGTrinch Conejos Suml RGLob RGTJB Chama

Sum2  RGOtowi RGConvey RGFldwy Sum3 RGLeasb RGELP 0

Valley study unit, water year 1994. Station names in table 1; location of sites in figure 1.
(Suml1 = RGTrinch + Conejos; Sum2 = RGTJB + Chama; Sum3 = RGConvey + RGFldwy)
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Figure 11. Annual mean streamflow and estimated daily mean dissolved-solids load at selected sites in the Rio Grande



NUTRIENTS

Nutrients are elementsthat are essential to living
organisms. Because of the scarcity of nitrogen and
phosphorus relative to other essential elements,
nitrogen and phosphorus are considered to regulate or
“limit” plant productivity. Thisreport limits discussion
of nutrients to nitrogen and phosphorus.

Natural nutrient sources include atmospheric
deposition, decaying organic material, and weathering
of rocks and minerals. Anthropogenic nutrient sources
include human, animal, and domestic waste (for
example, wastewater effluent and runoff from animal
feedlot facilities), phosphate detergents, fertilizers,
septic-tank discharge, industrial waste, and urban
runoff.

Nitrate and nitrite are soluble forms of nitrogen
commonly detected in surface and ground water of the
RIOG study unit. For this report, the authors limit the
discussion to dissolved nitrite plusnitrate. Inthe RIOG
study unit, dissolved nitrite concentrations were
typically lessthan 0.01 mg/L, indicating that dissolved
nitrite plus nitrate concentrations are essentially
dissolved nitrate; thus, dissolved nitrite plus nitrate is
hereafter referred to as dissolved nitrate.

Concentrations of total phosphorusare generally
much larger than concentrations of dissolved
phosphorus (Healy, 1997) because phosphorusis
relatively insoluble and is sorbed by sediment (Hem,
1985, p. 126). Total phosphorous and suspended-
sediment concentrations generally exhibit a
statistically significant positive correlation on the Rio
Grande (Anderholm and others, 1995, p. 76). Part of
the phosphorus sorbed to sediment isavailableto plants
and could contribute to excessive plant growth.

Dissolved Nitrate Concentrations

Spatial Variations in Dissolved Nitrate
Concentrations

Concentrations of dissolved nitrate ranged from
less than the minimum reporting level (0.05 mg/L) to
2.0 mg/L throughout the Rio Grande (fig. 12).
Concentrations were less than 0.05 mg/L at RGDelN,
Conejos, RGLob, and Chama and probably resulted
from large surface-water inflow from undevel oped
areas, which generaly yield dissolved nitrate
concentrations less than 0.04 mg/L (Clark and others,
2000). Upstream from RGlsleta, dissolved nitrate
concentrations were small (median concentrations of
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0.12 mg/L or less) and showed only dlight variations
(fig. 12). Thelarger concentrations at RGTrinch,
RGTJB, and RGOtowi relative to other sites upstream
from RGldleta are due to ground-water and surface-
water inflows. The decreases in dissolved nitrate
concentrations at RGLab (relative to RGTrinch) and
RGOtowi (relativeto RGTJIB) aredueto dilutionsfrom
surface-water inflow water containing small dissolved
nitrate concentrations, as seenin figure 12 by tributary
inflow from the Conejos River and the Rio Chama. The
median dissolved nitrate concentration increased from
0.06 to 0.66 mg/L between RGOtowi and RGIsleta
because of WWTPinflow and, to alesser extent, return
flows. The median concentration at RGConvey (0.18
mg/L) was smaller than those at RGIsleta (0.66 mg/L)
and RGFldwy (0.71 mg/L), indicating that return flows
have small dissolved nitrate concentrations relative to
irrigation water (water at RGlsletaand RGFldwy). The
smaller dissolved nitrate concentrations in the
Conveyance Channel indicate that (1) nutrient uptake
occurs during irrigation and (2) leaching of nitrogen-
based fertilizers does not cause increased dissolved
nitrate concentrations. The interquartile range of
concentrations at RGFldwy was similar to that at
RGldleta (fig. 12), indicating little effect on
concentrations from surface-water inflows (from the
Rio Puerco and Rio Salado). The median dissolved
nitrate concentration decreased from 0.71 to 0.08 mg/L
between RGFldwy and RGL easb because of nutrient
uptake in Elephant Butte and Caballo Reservoirs. The
median dissolved nitrate concentration increased from
0.08 mg/L at RGLeasb to 0.31 mg/L at RGELP,
potential causesinclude WWTP inflow, ground-water
discharge to the Rio Grande, and (or) return flow.
Sites with small variability in dissolved nitrate
concentrations include sites that drain basins with few
urban or agricultural land uses (fig. 2): RGDelN,
Congjos, and Chama. Sites with large variability in
dissolved nitrate concentrations include RGl dleta,
RGFldwy, and RGELP , all of which are affected by
WWTP inflow. The large variability in concentrations
at sites affected by WWTP inflow is due to seasonal
variations in streamflow, which resultsin varying
degreesof dilution of wastewater effluent; for example,
when streamflow is small, WWTP inflow constitutes a
larger percentage of total streamflow inthe Rio Grande.
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Temporal Variations in Dissolved Nitrate
Concentrations

Five sites (RGDelN, RGTrinch, RGLob,
RGOtowi, and RGELP) had their largest dissolved
nitrate concentrations during the fall and winter
(generally November—April) and their smallest
concentrations during the spring and summer
(generally March—October) (fig. 13A, 13B, 13D, 13G,
13L). Possible causes of smaller dissolved nitrate
concentrations during spring and summer months are
(2) dilution effects from large streamflows with small
dissolved nitrate concentrations (snowmelt runoff) and
(2) increased nutrient uptake resulting from longer
days and warmer temperatures.

At RGTJB, RGldeta, and RGFldwy, dissolved
nitrate concentrations were smallest during May and
June when streamflow was greatest (fig. 13E, 13H,
13J). Dissolved nitrate concentrations generally were
largest during the winter months (fig. 13E, 13H, 13J)
because of (1) less dilution of WWTP inflow by
snowmelt runoff and (2) less nutrient uptake.

At Chama, dissolved nitrate concentrationswere
greater than the minimum reporting level (0.05 mg/L)
only during the summer and early fall months (June-
October) (fig. 13F). Chama streamflow ranged from
250 to 1,960 ft3/s between June and October.
Therefore, detectable nitrate concentrations at Chama
are not related to a particular flow regime.

Dissolved nitrate concentrations at RGConvey
were generally largest in March and from August to
October (fig. 13I). Because streamflow at RGConvey
was relatively constant throughout the year (fig. 4l),
dissolved nitrate concentrations are probably not
related to streamflow but rather to agricultural
practices.

At RGLeash, dissolved nitrate concentrations
generally were largest from October to January
(fig. 13K) when return flows and WWTP inflows
constitute a larger percentage of water in the Rio
Grande (because little or no water is released from
Caballo Reservoir). Dissolved nitrate concentrations
weregenerally smallest from March to September (less
than 0.10 mg/L), indicating that return flows and
WWTP inflows are diluted by large streamflows with
small dissolved nitrate concentrations. Dissolved
nitrate concentrations generally decreased from
January to April (fig. 13K) because of dilution as
discharge from Caballo Reservoir increased.
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Downstream Temporal Variations in Dissolved
Nitrate Concentrations

Small but consistent increasesin dissolved
nitrate concentrations (generally less than 0.1 mg/L)
occurred between RGLob and RGTJB throughout the
year, except during the snowmelt season (generally,
May—-July) when dissolved nitrate concentrations at
both siteswere lessthan 0.1 mg/L (fig. 14A). This
indicates an inflow source (with larger dissolved nitrate
concentrations) diluted by large streamflows during the
snowmelt season and increased nutrient uptake during
the growing season.

Dissolved nitrate concentrations increased by as
much as 1.6 mg/L between RGOtowi and RGldleta,
most likely because of WWTP inflow (fig. 14B). The
increases were smallest during the snowmelt season
when WWTP inflow is diluted by large flows.

Generally, dissolved nitrate concentrations were
similar at RGlsleta and RGFldwy, indicating little
effect from inflows and little nutrient uptake as water
moves downstream in the Rio Grande (fig. 14C).
However, dissolved nitrate concentrations at
RGConvey were smaller than at RGIdleta (fig. 14C).
Water in the Conveyance Channel consists of return
flows. Water at RGldl etaisrepresentative of water used
for irrigation. The smaller dissolved nitrate
concentrations at RGConvey relative to those in
irrigation water are indicative of nutrient uptake as
water is applied to fields and moves through the
ground-water system to agricultura drains and
eventually to the Conveyance Channel.

Estimated Dissolved Nitrate Loads

As dready stated, dissolved nitrate loads were
not estimated upstream from San Marcial because of
insufficient data for model calibration. In WY 1994,
estimated daily mean dissolved nitrate |oads decreased
between Sum3 (2.58 tons/d) and RGL easb (0.19 ton/d),
then increased between RGL easb and RGELP (0.64
ton/d) (fig. 15 and table 3). Dissolved nitrate |oads at
RGFldwy (2.40 tons/d) were greater than those at
RGConvey (0.18 ton/d) because streamflow at
RGFldwy was greater than that at RGConvey (fig. 3)
and, most importantly, because dissolved nitrate
concentrations at RGFldwy were larger than those at
RGConvey (fig. 12). The dissolved nitrate |oad
decreased from Sum3 to RGL easb because streamflow
decreased (due to storage in Elephant Butte and
Caballo Reservoirs) and dissolved nitrate
concentrations decreased (due to nutrient uptake in the
reservoirs). The estimated daily mean dissolved
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Figure 13. Dissolved nitrite plus nitrate concentrations at selected sites in the Rio Grande Valley

study unit, water years 1993-95. Location of sites in figure 1.
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Figure 13. Dissolved nitrite plus nitrate concentrations at selected sites in the Rio Grande Valley
study unit, water years 1993-95--Continued. Location of sites in figure 1.
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Figure 13. Dissolved nitrite plus nitrate concentrations at selected sites in the Rio Grande Valley

study unit, water years 1993-95--Concluded. Location of sites in figure 1.
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STREAMFLOW, IN CUBIC FEET PER SECOND
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Figure 15. Annual mean streamflow and estimated daily mean dissolved nitrite plus nitrate and total phosphorous
loads at selected sites in the Rio Grande Valley study unit, water year 1994. Station names in table 1.

(Suml1 = RGTrinch + Conejos; Sum2 = RGTJB + Chama; Sum3 = RGConvey + RGFldwy)

Table 3. Estimated daily mean dissolved nitrite plus nitrate load and standard error of prediction, water years 1993-95

[Station names in table 1.
Sum3 = RGConvey + RGFIdwy; NA, not applicable]

Dissolved nitrite plus nitrate

Site USGS Estimated daily Standard error Standard error
identification station Water mean load of prediction of prediction
(table 1) number year (tons/day) (tons/day) (percent)
RGConvey 08358300 1993 0.1975 0.0593 30.06
RGConvey 08358300 1994 0.1802 0.0227 12.62
RGConvey 08358300 1995 0.1942 0.0304 15.65
RGFldwy 08358400 1993 2.523 1.021 40.47
RGFIdwy 08358400 1994 2.397 0.354 14.78
RGFldwy 08358400 1995 2.613 0.379 14.52
Sum3 NA 1993 2.720 NA NA
Sum3 NA 1994 2.577 NA NA
Sum3 NA 1995 2.807 NA NA
RGLeasb 08363500 1993 0.1061 0.0334 31.47
RGLeasb 08363500 1994 0.1860 0.0327 17.58
RGLeasb 08363500 1995 0.3516 0.0777 22.09

RGELP 08364000 1993 0.4229 0.0641 15.16
RGELP 08364000 1994 0.6359 0.0452 7.1
RGELP 08364000 1995 0.6635 0.0668 10.07
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nitrate load increased from RGLeasb to RGELP
because, although streamflow decreased (fig. 3),
dissolved nitrate concentrations increased (fig. 12).
Healy (1996) indicated that in this area, dissolved
nitrate loads to the Rio Grande from non-agricultural
sources (such as WWTP inflow) were greater than
those from return flows.

Total Phosphorous Concentrations

Spatial Variations in Total Phosphorous
Concentrations

Concentrations of total phosphorus generally
were small (lessthan 0.1 mg/L) and had small
variability from RGDelN to RGOtowi (fig. 16). Total
phosphorous concentrations were largest and had the
largest variability at RGlsleta and RGFldwy.

Themediantotal phosphorous concentrationwas
larger at RGTrinch (0.10 mg/L) than at RGDelN (0.04
mg/L) because of inflow between the two sites. The
median total phosphorous concentration increased
from RGOtowi (0.07 mg/L) to RGIdeta (0.32 mg/L)
most likely because of WWTPinflow. Themedian total
concentration increased from RGldleta (0.32 mg/L) to
RGFldwy (0.43 mg/L) because of inflowsfrom the Rio
Puerco, which can have large concentrations of
phosphorus (Healy, 1997). The median total
phosphorous concentration decreased from 0.43 to
0.06 mg/L from RGFldwy and RGL easb because of
settling and nutrient uptake in Elephant Butte and
Caballo Reservoirs. The median total phosphorous
concentration increased from RGLeasb to RGELP
(0.12 mg/L) in part because of WWTP inflows (Healy,
1996).

Temporal Variations in Total Phosphorous
Concentrations

Total phosphorous concentrations at five sites
(RGDéeN, RGTrinch, Congjos, RGTJB, and
RGOtowi) were smaller during the winter months
(December—February) and larger throughout the rest of
the year (March—November); total phosphorous
concentrationswerelargest during snowmelt (May and
June) (fig. 17A-C, 17E, 17G). The larger total
phosphorous concentrations during snowmelt are due
to increased streamflow and the associated increase in
suspended-sediment concentrations. The larger total
phosphorous concentrations in May and June could
also be related to fertilizer applications; concurrent
increases in dissolved nitrate concentrations were not
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observed, however. Total phosphorous concentrations
at RGLob and Chama seemed to lack a consistent
seasonal pattern (fig. 17D, 17F). Thiscould indicate the
presence of avariety of phosphorous sourcesin these
basins.

Total phosphorous concentrations at RGldleta
and RGFldwy generally were smallest from April
through June (fig. 17H, 17J) dueto dilution of WWTP
inflow by large streamflow. Total phosphorous
concentrations in wastewater effluent (3 to 15 mg/L,
Snoeyink and Jenkins, 1980, p. 301) were larger than
those at RGOtowi during snowmelt (as much as 0.3
mg/L, fig. 17G). For this reason, whereas large
streamflow (during snowmelt) resulted in increased
total phosphorous concentrations at some sites (fig.
17A-C, 17E, 17G), large streamflow caused total
phosphorous concentrations to decrease at sites
affected by WWTP inflow because the concentrations
(upstream from WWTP inflows) were still small
relative to those in wastewater effluent.

Total phosphorous concentrations increased
during snowmelt because nonpoint sources dominated
the large flows. In contrast, total phosphorous
concentrations decreased during snowmelt at RGldeta
because the point sourceswere dominated by snowmelt
runoff.

At RGConvey, total phosphorous concentrations
were largest at two distinct times throughout the year:
during March and August through October. Total
concentrations at RGL easb and RGEL P were smallest
in April, May, November, and December.

Downstream Temporal Variations in Total
Phosphorous Concentrations

Generally, total phosphorous concentrations
were larger at RGLob than at RGTJB (fig. 18A),
indicating that ground-water and surface-water inflows
between the two sites diluted the larger concentrations
detected at RGLob. However, during the 1994 and
1995 snowmelt seasons, total phosphorous
concentrations were larger at the downstream site,
RGTJB, which indicates a source of total phosphorus
between the two sites.

Total phosphorous concentrations generally
increased between RGOtowi and RGldleta (fig. 18B).
The smallest increases in concentration occurred
during the snowmelt season because of more dilution
due to increased streamflow. Large increasesin
concentration occurred in July 1993 and August 1994
because of less dilution of WWTP inflow or possibly
increased storm runoff.
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TOTAL PHOSPHOROUS CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 17. Total phosphorous concentrations at selected sites in the Rio Grande Valley study unit,
water years 1993-95. Location of sites in figure 1.
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TOTAL PHOSPHOROUS CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 17. Total phosphorous concentrations at selected sites in the Rio Grande Valley study unit,

water years 1993-95--Continued. Location of sites in figure 1.
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Figure 17. Total phosphorous concentrations at selected sites in the Rio Grande Valley study unit,

water years 1993-95--Concluded. Location of sites in figure 1.
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Total phosphorous concentrations at RGldeta
and RGFldwy generally were similar (fig. 18C). This
similarity indicates either (1) little settling or nutrient
uptake of phosphorus occurs between sites or (2)
increasesin concentrations due to surface-water inflow
(from the Rio Puerco or Rio Salado) are balanced by
decreases in total phosphorous concentrations due to
settling or nutrient uptake. Occasionally, total
phosphorous concentrations at RGF dwy were much
larger (by as much as 1 mg/L) than those at RGldleta.
These larger concentrations at RGFldwy indicate that
either (1) surface-water inflow from the Rio Puerco or
Rio Salado occurred or (2) sediment (and sorbed
phosphorus), which was previously deposited in the
Rio Grande by the Rio Puerco or Rio Salado, was
resuspended.

Estimated Total Phosphorous Loads

In WY 1994, the total phosphorous load
decreased from RGDelN (0.09 ton/d) to RGTrinch
(0.05 ton/d) as did streamflow (fig. 3), indicating a net
outflow of total phosphorus. Theload at Conejos (0.04
ton/d) was approximately equivalent to that at
RGTrinch (0.05 ton/d). From Sum1 (0.09 ton/d) to
RGLob (0.08 ton/d) (table 5), the estimated daily mean
load remained fairly constant, indicating that
phosphorous inputs equaled phosphorous outputs in
thisreach. Thetotal phosphorous load increased
between RGLob (0.08 ton/d) and RGTJB (0.23 ton/d),
as did streamflow; however, concentrations decreased.
The total phosphorous load from the Rio Chama (0.15
ton/d) was smaller than that at RGTJB (0.23 ton/d).
Theincrease in estimated daily mean load between
Sumz2 (0.38 ton/d) and RGOtowi (0.53 ton/d) indicates
asource of total phosphorus (other than surface-water
inflow from the Rio Chamato the Rio Grande) between
RGTJB and RGOtowi.

Theestimated daily mean total phosphorousload
increased from RGOtowi (0.53 ton/d) to Sum3 (1.84
tong/d) despite a decrease in streamflow (fig. 15 and
table 4). Theincrease in load indicates an inflow. The
decrease in streamflow indicates that outflows are
greater than inflows between RGOtowi and Suma3.
Therefore, the total phosphorous concentration of the
inflow must have been greater than that at RGOtowi.
Possible sources of inflow would be WWTP inflow,
tributary inflow, and return flow. Wastewater effluent
can have total phosphorous concentrations as large as
15 mg/L (Snoeyink and Jenkins, 1980, p. 301). Both
the Rio Puerco and the Rio Salado discharge directly
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into the Rio Grande. Water-quality data for the Rio
Puerco show that the median total phosphorous
concentration for WY 1993-95 was 2.7 mg/L (Healy,
1997), which islarge relative to the concentration at
RGOtowi (0.07 mg/L). The estimated daily mean total
phosphorous load at RGConvey (0.16 ton/d) was
approximately equal to that at Chama; however,
streamflow at Chamawas about 2.5 times greater than
streamflow at RGConvey.

Theestimated daily mean total phosphorousload
at RGLeasb (0.26 ton/d) was smaller than that at Sum3
(1.84 tong/d) because of a combination of (1) smaller
streamflow at RGL easb, due to changesin storage at
Elephant Butte and Caballo Reservoirs, and (2) smaller
total phosphorous concentrations that resulted from
nutrient uptake and the settling of phosphorusin the
reservoirs.

Total phosphorous loads at RGL easb (0.26
ton/d) and RGELP (0.28 ton/d) were about the same
despite decreases in streamflow; thisindicates an
inflow with larger concentrations than at RGL eash.
Inflows could include WWTP inflow and return flows;
Healy (1996, p. 39) indicated that total phosphorous
loads from these two sources are approximately equal .

SUSPENDED SEDIMENT

Suspended sediment is a measure of sand- to
clay-sized suspended materia in awater sample. The
percentage of sand, silt, and clay varies (1) from siteto
siteand (2) over time at a particular site. Suspended-
sediment concentrations are related to a variety of
physical factors, such as streamflow velocity,
availability of erodible material in awatershed, and the
grainsizeand distribution of material inawatershed. In
the RIOG study unit, suspended-sediment
concentrations generally are positively correlated with
streamflow (Anderholm and others, 1995).

Ephemeral streams periodically contribute large
amounts of suspended sediment to the Rio Grande and
itstributaries. Some of thissediment isdeposited in the
channel of the Rio Grande near the mouth of the
stream. This sediment can then be resuspended and
transported later during periods of increased
streamflow; thisresultsin large variability of
suspended-sediment concentrations.



Table 4. Estimated daily mean total phosphorous load and standard error of prediction, water years 1993-95
[Station names in table 1.
Sum1 = RGTrinch + Conejos; Sum2 = RGTJB + Chama; Sum3 = RGConvey + RGFIdwy; NA, not applicable]

Total phosphorus

Site USGS Estimated daily Standard error Standard error
identification station Water mean load of prediction of prediction
(table 1) number year (tons/day) (tons/day) (percent)
RGDelN 08220000 1993 0.1502 0.0249 16.58
RGDelN 08220000 1994 0.0919 0.0138 14.96
RGDelN 08220000 1995 0.1954 0.0352 18.01
RGTrinch 08240000 1993 0.0475 0.0142 29.97
RGTrinch 08240000 1994 0.0475 0.0087 18.42
RGTrinch 08240000 1995 0.1522 0.0609 40.01
Conejos 08249000 1993 0.0667 0.0134 20.07
Conejos 08249000 1994 0.0411 0.0086 20.86
Conejos 08249000 1995 0.0947 0.0177 18.73
Sum1 NA 1993 0.1142 NA NA
Sum1 NA 1994 0.0886 NA NA
Sum1 NA 1995 0.2469 NA NA
RGLob 08251500 1993 0.1397 0.0264 18.87
RGLob 08251500 1994 0.0813 0.0089 10.94
RGLob 08251500 1995 0.2189 0.0428 19.56
RGTJB 08276500 1993 0.1917 0.0497 25.93
RGTJB 08276500 1994 0.2302 0.0484 21.01
RGTJB 08276500 1995 0.4179 0.1051 25.14
Chama 08290000 1993 0.0815 0.0226 27.70
Chama 08290000 1994 0.1542 0.0344 22.31
Chama 08290000 1995 0.2089 0.0519 24.83
Sum2 NA 1993 0.2732 NA NA
Sum2 NA 1994 0.3844 NA NA
Sum2 NA 1995 0.6268 NA NA
RGOtowi 08313000 1993 0.2424 0.0659 27.19
RGOtowi 08313000 1994 0.5334 0.1167 21.88
RGOtowi 08313000 1995 0.8144 0.1936 23.77
RGConvey 08358300 1993 0.0725 0.0170 23.53
RGConvey 08358300 1994 0.1609 0.0248 15.42
RGConvey 08358300 1995 0.1799 0.0313 17.42
RGFldwy 08358400 1993 0.3424 0.1551 45.29
RGFldwy 08358400 1994 1.6744 0.4363 26.06
RGFldwy 08358400 1995 2.6799 0.6861 25.60
Sum3 NA 1993 0.4149 NA NA
Sum3 NA 1994 1.8353 NA NA
Sum3 NA 1995 2.8598 NA NA
RGLeasb 08363500 1993 0.1792 0.0695 38.80
RGLeasb 08363500 1994 0.2637 0.0688 26.10
RGLeasb 08363500 1995 0.3664 0.1116 30.44
RGELP 08364000 1993 0.1832 0.0486 26.55
RGELP 08364000 1994 0.2765 0.0495 17.89

RGELP 08364000 1995 0.6001 0.1598 26.62




Table 5. Estimated daily mean suspended-sediment load and standard error of prediction, water years 1993-95
[Station names in table 1.
Sum1 = RGTrinch + Conejos; Sum2 = RGTJB + Chama; Sum3 = RGConvey
+ RGFldwy; NA, not applicable]

Suspended sediments

Site USGS Estimated daily Standard error Standard error
identification station Water mean load of prediction of prediction
(table 1) number year (tons/day) (tons/day) (percent)
RGDelN 08220000 1993 152 57.0 374
RGDelN 08220000 1994 169 68.7 40.7
RGDelN 08220000 1995 241 103 42.8
RGTrinch 08240000 1993 44 13 29.3
RGTrinch 08240000 1994 41 10 24.8
RGTrinch 08240000 1995 56 16 28.4
Conejos 08249000 1993 73 25 33.8
Conejos 08249000 1994 30 9 30.1
Conejos 08249000 1995 74 20 271
Sum1 NA 1993 117 NA NA
Sum1 NA 1994 71 NA NA
Sum1 NA 1995 130 NA NA
RGLob 08251500 1993 111 32 29.0
RGLob 08251500 1994 52 9 16.5
RGLob 08251500 1995 158 58 37.0
RGTJB 08276500 1993 175 54 30.7
RGTJB 08276500 1994 341 93 27.2
RGTJB 08276500 1995 405 138 34.1
Chama 08290000 1993 221 123 55.6
Chama 08290000 1994 1,181 447 37.9
Chama 08290000 1995 1,846 778 421
Sum2 NA 1993 396 NA NA
Sum2 NA 1994 1,523 NA NA
Sum2 NA 1995 2,251 NA NA
RGOtowi 08313000 1993 484 147 30.4
RGOtowi 08313000 1994 3,035 822 271
RGOtowi 08313000 1995 2,653 703 26.5
RGConvey 08358300 1993 368 155 42.0
RGConvey 08358300 1994 270 61 22.7
RGConvey 08358300 1995 593 182 30.7
RGFldwy 08358400 1993 9,424 4,241 45.0
RGFldwy 08358400 1994 10,517 3,005 28.6
RGFldwy 08358400 1995 9,915 2,886 291
Sum3 NA 1993 9,792 NA NA
Sum3 NA 1994 10,786 NA NA
Sum3 NA 1995 10,508 NA NA
RGLeasb 08363500 1993 447 153 343
RGLeasb 08363500 1994 644 164 255
RGLeasb 08363500 1995 4,533 1,469 324
RGELP 08364000 1993 1,125 318 28.2
RGELP 08364000 1994 637 114 18.0

RGELP 08364000 1995 2,129 583 27.4




Spatial Variations in Suspended-Sediment
Concentrations

Median suspended-sediment concentrations
generally increased from RGDelN to RGFldwy
(fig. 19). The range of median suspended-sediment
concentrations throughout the study unit was three
orders of magnitude, which is greater than the range
observed in other constituents (figs. 8, 12, 16).
Concentrationsincreased from 12 to 52 mg/L between
RGDelN and RGTrinch. Suspended-sediment
concentrations at RGLob (42 mg/L) decreased slightly
because of dilution from Conejos (22 mg/L), which had
small concentrations relative to those at RGLob.
Suspended-sediment concentrations decreased
between RGLob (42 mg/L) and RGTJB (36 mg/L),
possibly because of adecreasein available sediment or
dilution from ground-water and surface-water inflow.
The interquartile range of suspended-sediment
concentrations at Chamawas larger than that at any
other site, indicating that suspended-sediment
concentrations on the Rio Chamawere highly variable.
Surface-water inflow from the Rio Chama and other
tributaries resulted in an increase in suspended-
sediment concentrations from RGTJB to RGOtowi.
RGldleta had a dightly smaller concentration (272
mg/L) than RGOtowi (332 mg/L), possibly because of
settling of suspended sediment in Cochiti Lake. From
RGldletato RGFldwy, the median suspended-sediment
concentration increased from 272 to 1,610 mg/L; this
was caused by the exceptionally large concentrationsin
the Rio Puerco and the Rio Salado (Anderholm and
others, 1995). Downstream from RGFldwy,
concentrations decreased because of settling of
suspended sediment in Elephant Butte and Caballo
Reservoirs. Suspended-sediment concentrations
increased from RGLeasb (141 mg/L) to RGELP (219
mg/L) most likely as aresult of agricultural activities,
surface-water inflow from ephemeral streams, and
resuspension and erosion of previously deposited
sediments.

Generally, suspended-sediment concentrations
at aparticular site can vary by an order of magnitude or
more, whereas dissolved-solids, dissolved nitrate, and
total phosphorous concentrations at a particular site
have much smaller variability. Sites with the largest
variability in suspended-sediment concentrations
include RGDelN, Chama, and RGldleta
Concentrations at RGDelN were generally lessthan 50
mg/L, whereas suspended-sediment concentrations at
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Chama and RGldleta generally were greater than 70
mg/L.

Suspended Sediment/Streamflow
Relations

In general, suspended-sediment concentrations
are positively correlated with streamflow, but the
strength of the relation, which depends on a variety of
factors, varies from site to site. Sites that had the
strongest suspended-sediment/streamflow relation are
RGDelN, Congjos, RGTJIB, RGL easb, and RGELP
(fig. 20). These sites generally had the largest
suspended-sediment concentrations from May to
August.

Estimated Suspended-Sediment Loads

Estimated daily mean suspended-sediment loads
varied at individual sitesfrom year to year and between
sites (table 5 and fig. 21) because of (1) natural
variation in streamflow and delivery of sediment to
various reaches of the Rio Grande and (2) data
limitations related to the large variability in suspended-
sediment concentrations at asite from year to year and
the short period of record used for model calibration.
Thelarge standard errors of prediction associated with
estimated suspended-sediment loads (table 5) are due
in part to the larger variability in suspended-sediment
concentrations (at a particular site) and trend-related
coefficientsthat are statistically different from zero (Bs
and By, eg. 1). The errorsresulting from large
variability in suspended-sedi ment concentrationscould
indicate that more frequent instantaneous
concentrations are needed to accurately characterize
the variability in suspended-sediment concentrations.
Trend-related coefficientsthat are statistically different
from zero indicate time trends; these could be due to
the short period of record used for model calibration.
Because of the larger annual variability in suspended-
sediment loads, WY 1993-95 are discussed.

Estimated daily mean suspended-sediment |oads
at RGDelN and RGTrinch were smallest in WY 1993
and 1994 and largest in WY 1995 (table 5 and fig. 21).
Between these sites, the load decreased by about a
factor of four (every year) despite increasesin
suspended-sediment concentrations; the decreasein
suspended-sediment |oad was due to the decrease in
streamflow.
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Estimated daily mean suspended-sediment |oads
at Conejos were approximately equal in WY 1993 and
1995; the load in WY 1994 was | ess than half the load
in WY 1993 or 1995. When the incoming load from
Conegjoswassmall (29.6tons/din WY 1994), therewas
little change in the suspended-sediment load from
RGTrinch (41.2 tons/d) to RGLob (51.6 tons/d) (table
5). However, when larger |oads entered the Rio Grande
from the Congjos River (73.2 tons/d in WY 1993 and
74.4 tongdd in WY 1995), the suspended-sediment
loads increased by factors of about two and three,
respectively (table 5).

Although the suspended-sediment
concentrations decreased from RGLob to RGTJB (fig.
19), the suspended-sediment |oad increased every year.
This resulted in estimated daily mean suspended-
sediment loads ranging from 175 tons/d (WY 1993) to
405 tons/d (WY 1995) at RGTJB (table 5).

Suspended-sediment |oads at Chama varied by
an order of magnitude, from 221 tonsg/d (WY 1993) to
1,846 tong/d (WY 1995). Thelargevariationinloads at
Chamais reflected in the large variation in suspended-
sediment loads at RGOtowi (table 5). By comparing
the estimated daily mean total suspended-sediment
load of Sum2 to theload at RGOtowi, it isapparent that
the load entering the Rio Grande (between RGTJB and
RGOtowi), besidesthe Rio Chama, varied greatly from
year to year. The smallest incoming suspended-
sediment load occurred in WY 1993 with a minimum
of 88 tong/d entering the Rio Grande; the largest
incoming load occurred in WY 1994 with a minimum
of 1,512 tong/d entering the Rio Grande.

The estimated daily mean total suspended-
sediment load at Sum3 was relatively consistent from
year to year, as was streamflow. Suspended-sediment
loads at RGConvey varied from 270 tons/din WY 1994
to 593 tons/d in WY 1995. Loads at RGConvey were
approximately equal to loads at RGTJB, athough the
streamflow at RGConvey was generally less than half
the streamflow at RGTJB (fig. 21).

Estimated daily mean suspended-sediment loads
at RGFldwy were larger than those at any other sitein
the RIOG study unit and exhibited little variation from
year toyear (table5). Although Cochiti Lakeallowsfor
increased settling of suspended sediment between
RGOtowi and RGFldwy, the suspended-sediment load
increased from 484 to 9,420 tong/d in WY 1993 and
tripled in WY 1994 and 1995 despite decreasesin
streamflow. The increasesin load at RGFldwy can be
attributed, at least partially, to the incoming suspended-
sediment |oads from ephemeral streams; the median
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suspended-sediment load in the Rio Puerco for WY
1993-95 was 12,900 tong/d (Healy, 1997).

The estimated daily mean suspended-sediment
load decreased from Sum3 to RGL easb because of
decreases in streamflow and settling of suspended
sediment in Elephant Butte and Caballo Reservoirs.
Suspended-sediment loads at RGLeasb varied by an
order of magnitude, from 447 tons/d in WY 1993 to
4,533 tons/d in WY 1995 (table 5). Although
streamflow at RGLeasb did not vary by an order of
magnitude, the smallest and largest streamflows
correspond to the smallest and largest suspended-
sediment |oads.

The suspended-sediment load at RGELP varied
from year to year, with the smallest load occurring in
WY 1994 (637 tong/d) and the largest load occurring in
WY 1995 (2,130 tong/d). In WY 1993, the suspended-
sediment load increased from RGLeasb to RGELP. In
WY 1994, theload at RGEL P was approximately equal
totheload at RGLeash. In WY 1995, the suspended-
sediment load decreased from RGL easb (4,530 tonsg/d)
to RGELP (2,130 tong/d). The variation may be dueto
inflow of ephemeral streams, including the deposition
of suspended sediment in the Rio Grande and the
subsequent slow, downstream transport of suspended
sediment.

EFFECTS OF VARIATIONS IN
STREAMFLOW AND CONCENTRATIONS
ON LOADS IN THE RIO GRANDE VALLEY
STUDY UNIT

FromRGDelN to RGTrinch (fig. 22), streamflow
decreased from 722 to 194 t%/s because outflows
(primarily from agricultural diversions) are larger than
inflows. Median dissolved-solids concentrations
increased by afactor of four (from 73 to 298 mg/L),
median dissolved nitrogen concentrations increased
from less than 0.05 to 0.06 mg/L, median total
phosphorous concentrations increased from 0.04 to
0.10 mg/L, and median suspended-sediment
concentrationsincreased by afactor of four (from 12 to
52 mg/L). Changes in streamflow and water quality
resulted in an increase in the estimated daily mean
dissolved-solids load (from 106 to 137 tong/d), a
decrease in total phosphorous load (from 0.092 to
0.048 ton/d), and a decrease in suspended-sediment
load (from 169 to 41 tons/d). Therefore, the incoming
dissolved-solids load was larger than that diverted, and
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the incoming total phosphorous and suspended-
sediment loads were smaller than those diverted.
Furthermore, thisindicatesthat inflow in thisreach had
large dissolved-solids concentrations (relative to
RGDelN) but small total phosphorous and suspended-
sediment concentrations (relative to RGDelN).

From RGTrinch to RGOtowi, streamflow
increased from 194 to 1,902 ft3/s because of inflow
(primarily tributary inflow). Inflow from the Conejos
River accounts for most of the increases in streamflow
(184 ft3/s) between RGTrinch and RGLob; however,
comparison of Suml1 and RGLob indicates additional
inflow (approximately 21 ft3/s). Inflow from the Rio
Chama accounts for most of the increasesin
streamflow (862 ft3/s) between RGTJB and RGOtowi;
however, comparison of Sum2 and RGTJB indicates
additional inflow (approximately 153 ft3/s). From
RGTrinch to RGOtowi, median dissolved-solids
concentrations decreased from 298 to 196 mg/L
(primarily because of dilution by tributary inflow),
median dissolved nitrate concentrations did not
change, median total phosphorous concentrations
decreased from 0.10 to 0.07 mg/L, and median
suspended-sediment concentrations increased from 52
to 332 mg/L. Thelarge increase in streamflow caused
increases in dissolved-solids load (137 to 885
tong/d), total phosphorous load (0.048 to 0.53
ton/d), and suspended-sediment load (41 to 3,035
tons/d), indicating that incoming loads are greater than
outgoing loads in this reach.

From RGOtowi to RGFldwy (fig. 22),
streamflow decreased from 1,902t0 1,279 ft3/sbecause
outflows were larger than inflows. Median dissolved-
solids concentrations increased from 196 to 299 mg/L,
median dissolved nitrate concentrationsincreased from
0.06 t0 0.71 mg/L, median total phosphorous
concentrations increased from 0.07 to 0.43 mg/L, and
median suspended-sediment concentrations increased
from 332 to 1,610 mg/L; these changesin
concentrations are due to inflows from WWTP's,
tributaries, and return flows. Despite the decreasein
streamflow, all loads increased. The dissolved-solids
|oad increased from 885 to 943 tons/d, total
phosphorous load increased from 0.53 to 1.67 tons/d,
and suspended-sediment load increased from 3,035 to
10,517 tons/d. Because return flows and
evapotranspiration do not affect dissolved-solidsloads,
the most likely causeisregional ground-water inflow
and tributary inflow. Theincreasesin nutrient loadsare
caused by WWTPinflow, return flows, and inflow from
ephemeral channels. The increase in suspended-
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sediment load is caused by inflow from ephemeral
streams (the Rio Puerco and Rio Salado).

From RGFldwy to RGLeasb (fig. 22), Elephant
Butte and Caballo Reservoirs have major impacts on
streamflow. During this study, the reservoirs generally
caused decreases in streamflow because of changesin
storage and evapotranspiration, increases in dissolved-
solids concentrations due to evapotranspiration,
decreasesin nutrient concentrations due to settling and
nutrient uptake, and decreases in suspended-sediment
concentrations due to settling. Theresult isan increase
in dissolved-solids |oad and decreasesin dissolved
nitrate, total phosphorous, and suspended-sediment
loads.

From RGLeasb to RGELP (fig. 22), streamflow
decreased from 883 to 670 ft%/s, indicating that
outflows were greater than inflows. Median dissolved-
solids concentrations increased from 448 to 652 mg/L,
median dissolved nitrate concentrationsincreased from
0.08t0 0.31 mg/L, median total phosphorous
concentrations increased from 0.06 to 0.12 mg/L, and
median suspended-sediment concentrations increased
from 141 to 219 mg/L. Despite the decrease in
streamflow, the dissolved-solids |oad increased from
1,076 to 1,214 tong/d, the dissolved nitrate load
increased from 0.19 to 0.64 ton/d, the total
phosphorous |oad increased from 0.26 to 0.28 ton/d,
and changes in suspended-sediment loads varied from
year to year (see previous discussion). Theincreasein
dissolved-solids load is due to regional ground-water
inflow. Increases in nutrient loads are due to WWTP
inflow and return flows. Changes in suspended-
sediment loads are caused by tributary inflow.

SUMMARY

This report describes spatial and temporal
variationsin streamflow and water quality in the Rio
Grande from Del Norte, Colorado, to El Paso, Texas.
Selected water-quality constituents presented in this
report are dissolved solids, dissolved nitrite plusnitrate
asnitrogen, total phosphorus, and suspended sediment.
A multivariate linear regression model,
ESTIMATOR2000, was used to estimate |oads for
selected constituents.

Streamflow decreases in the downstream
direction throughout most of the basin because
outflows (from agricultural use, leakage to ground
water, and evapotranspiration) are greater than inflows.
Streamflow increases between RGTrinch and



RGOtowi because ground-water and tributary inflow
are greater than outflow.

Median dissolved-solids concentrations ranged
from 73 mg/L at RGDelN to 652 mg/L at RGELP. An
increase in the median dissolved-solids concentration
was fourfold between RGDelN and RGTrinch because
of ground-water discharge to the Rio Grande and
surface-water inflow from the Franklin Eddy Canal.
Dissolved-solids concentrations increased from
RGOtowi to RGFldwy as the result of surface-water
inflow and ground-water discharge to the Rio Grande.
L arge dissolved-solids concentrations at RGConvey
resulted from irrigation effects, evapotranspiration in
riparian areas, and regional ground-water discharge to
agricultural drains. Dissolved-solids concentrations
increased between RGF dwy and RGEL P because of
evapotranspiration, irrigation effects, and ground-
water discharge to the Rio Grande. Dissolved-solids
concentrations varied seasonally at most sites;
concentrations were smaller during the spring and
summer months (April through August).

INWY 1994, dissolved-solidsloadsincreasedin
the Rio Grandefrom RGDelN to Sum3 (RGFIdwy plus
RGConvey), decreased from Sum3 to RGL easb, and
increased from RGL eash to RGEL P. From RGOtowi to
Sum3, the dissolved-solids load increased because of
larger concentrations and a smaller streamflow. From
RGLeasb to RGELP, the dissolved-solids load
increased because of increases in concentrations,
which result from regional ground-water inflow and
smaller streamflow.

Dissolved nitrate concentrations ranged from
less than the minimum reporting level (0.05
mg/L) to 2.0 mg/L throughout the Rio Grande. Nitrate
concentrations increased between RGDelN and
RGTrinch and again between RGLob and RGTJB
because of ground-water and surface-water inflows.
The median dissolved nitrate concentration increased
from 0.06 to 0.66 mg/L between RGOtowi and
RGI sl eta because of WWTP inflow and, to alesser
extent, return flows. The median concentration
increased from 0.08 mg/L at RGLeasb to 0.31 mg/L at
RGEL P because of WWTP inflow, ground-water
discharge to the Rio Grande, and (or) return flow.

Dissolved nitrate loads were not estimated
upstream from San Marcial, New Mexico, because of
insufficient datafor model calibration. Loads
decreased between Sum3 and RGL easb because of
decreasesin streamflow and concentrations. Dissolved
nitrate loads increased between RGLeasb and RGELP
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because although streamflow decreased, dissolved
nitrate concentrations increased.

Total phosphorous concentrations generally
were small (lessthan 0.1 mg/L) and had small
variability from RGDelN to RGOtowi. Total
phosphorous concentrations were largest and had the
largest variability at RGlsleta and RGFldwy.

From RGDelN to RGOtowi, estimated daily
mean phosphorous loads generally reflect increases
and decreases in streamflow, indicating that the
phosphorous concentration in inflows was relatively
similar to that of the Rio Grande. From RGOtowi to
Suma3, the total phosphorous load increased from 0.53
to 1.8 tons/d despite a decrease in streamflow; this
indicates the presence of inflow(s) with atotal
phosphorous concentration greater than that at
RGOtowi, most likely WWTP effluent or inflow from
ephemeral streams.

Median suspended-sediment concentrations
generally increased from RGDelN to RGFldwy. The
downstream variation in suspended-sediment
concentrations (three orders of magnitude) was much
greater than downstream variation observed in other
constituents. Median suspended-sediment
concentrations increased from 12 to 52 mg/L between
RGDelN and RGTrinch. From RGldetato RGFl dwy,
the median suspended-sediment concentration
increased from 272 to 1,610 mg/L because of inflow
from ephemeral streams. Downstream from RGFldwy,
suspended-sediment concentrations decreased because
of settling of suspended sediment in Elephant Butte
and Caballo Reservairs.

Estimated daily mean suspended-sediment |oads
varied at individual sitesfrom year to year and between
sites because of (1) natural variation in streamflow and
delivery of sediment to various reaches of the Rio
Grande and (2) data limitations related to the large
variability in suspended-sediment concentrations at a
site from year to year and the short period of record
used for model calibration. Between RGDelN and
RGTrinch, the suspended-sediment |oad decreased by
about afactor of four (every year) despite increasesin
suspended-sediment concentrations; the decreasein
load is due to the decrease in streamflow. Suspended-
sediment loads at RGFldwy were larger than those at
any other site in the RIOG NAWQA study unit and
exhibited little variation from year to year. The load
decreased from Sum3 to RGL easb because of
decreases in streamflow and settling of suspended
sediment in Elephant Butte and Caballo Reservairs.



Several instances of decreasing streamflow and
increasing loads indicate the presence of inflows with
large constituent concentrations (rel ativeto those of the
Rio Grande immediately upstream from that inflow);
this occurs (1) between RGDelN and RGTrinch for
dissolved solids, (2) between RGOtowi and RGFldwy
for al congtituents, and (3) between RGLeasb and
RGELP for al constituents.

Streamflow increases along every reach of the
Rio Grande between RGTrinch and RGOtowi. These
increasesin streamflow result in increasesin dissolved-
solids loads, total phosphorous loads, and suspended-
sediment loadsregardlessof changesin concentrations.
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